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Introduction
The cerebrovascular bed in mammals is known to be multiply innervated by noradrenergic (NA), acetylcholinesterase-positive (AChE) nerves (WASANO, 1979) , various types of peptidergic nerves (UDDMAN and EDVINSSON, 1989) , and nitric oxidesynthesizing nerves (NOZAKI et al., 1993) . The roles of these neurochemicals as a direct vasomotor (constrictor or dilator), neuromodulator and trophic factor of cerebral circulation have been well documented pharmacologically (OWMAN et al., 1986; EDVINSSON, 1991; FARACI and BRIAN, 1994) .
Angioarchitecture of the internal carotid artery (ICA) and cerebral arterial system in avian species, as being represented by the formation of internal carotid anastomosis (ICAS) near the cranial cavity, and the unilateral communication between the internal carotid and vertebrobasilar systems (ICS, VBS), is greatly modified from that of mammals and other vertebrates (BAUMEL and GERCHMAN, 1968 ; JONES and JOHANSEN, 1972; ANDO et al., 1996) . Thus, it is an interesting subject to investigate, from a standpoint of comparative neurology, as to which neurogenic mechanisms are operated in the avian cerebrovascular system. Our previous study revealed that the ICA and major cerebral arteries in the quail received a rich supply of NA nerves, but had a markedly less density of or no AChE nerves (ANDO et al., 1996) . This innervation pattern is divergent from the general mammalian pattern that the major cerebral arteries are densely invested with NA and AChE nerves, despite very poor supply of both nerve types in the ICA (WASANO, 1979) . To determine whether the pattern of NA and AChE innervation found in the quail is regarded as a common feature for the avian cerebrovascular innervation, the present study was undertaken in the duck. consisted of fine and complicated meshworks of thin axons (Fig. 1) . The majority of NA fiber bundles from the SICN entered the cranial cavity through the cerebral carotid artery (CCA), the intraranial part of the ICA, and spread widely over the cerebral arterial tree. The presence of such fluorescent fiber bundles was also seen to run along the cerebroethmoidal artery (CEA) (Fig. 2) .
The supply of NA nerves to the cerebral arterial tree was distinctly high in the ICS than in the VBS. It was particularly rich over the walls from the distal part of the anterior ramus (AR) to the middle cerebral artery (MCA), formed complicated meshworks which were organized mainly from longitudinally-oriented thin fibers (Fig. 3 ).
In the posterior and anterior cerebral arteries (PCA, ACA) and the CEA, the meshworks became coarser and more elongated, but were considerably well-developed. The posterior ramus (PR) received a relatively rich or moderate number of NA nerves. However, the density of nerves decreased markedly in the basilar and vertebral arteries (BA, VA), and a few fluorescent axons were scattered spirally or in parallel to these vascular axes (Fig. 4 ). There were no ganglionic structures with FA fluorescence along the ICA and the major cerebral arteries at all parts of the brain.
AChE-positive innervation
The SICN comprised a considerable amount of AChE axons mainly around its outer part (Fig. 5 ). As shown in Fig. 6 Figs. 5-12. Photomicrographs of section (5) and whole-mounts (6-12) with acetylcholinesterase (AChE) staining in the internal carotid artery (ICA), sympathetic internal carotid nerve (SICN) and the major cerebral arteries. Fig. 5 . The middle part of the ICA (asterisk) and the sympathetic internal carotid nerve (SICN) accompanying it. Note abundant AChE nerves at the medioadventitial border of the ICA (arrows). Fig. 6a and b. AChE stem nerve bundle (arrows) accompanying the SICN. Arrowhead indicates a small group of AChE ganglion cells (a) and its high magnification (b). Fig. 7 . The distal part of the ICA. Fig. 8 . The cerebral carotid artery (CCA), anterior ramus (AR), and the posterior ramus (PR). Note many AChE fiber bundles projecting to the ICS via the CCA. Fig. 9 . The cerebroethmoidal artery. Arrow indicates AChE fiber bundles. Fig. 10a and b. The proximal to middle parts of the AR . Arrow indicates two to three contiguous AChE nerve cells (a) and its high magnification (b) . Fig. 11 . The middle cerebral artery. Fig. 12 . The basilar and posterior inferior cerebellar arteries ( PICA). Arrows indicate nerve fibers with a weak AChE activity.
Figs. 5 , 6a-9 and 10a-12, 83; Figs. 6b and 10b The density of AChE nerves supplying the ICS were particularly high in the walls from the upper AR to the MCA (Fig. 11) . Here, an abundant number of thin fibers, which were derived from AChE fiber bundles via the ICA and CEA, made up longitudinally-arranged meshworks that were comparable in density to those in the distal ICA.
The plexuses of AChE nerves in the CEA were also considerably well developed (Fig. 9) . The middle to proximal AR had a relatively rich supply of AChE nerves (Fig.   10) . A moderate number of nerves were observed in the walls of the ACA and PCA.
In the VBS, the innervation density became markedly lowered. Although a moderate number of AChE nerves, which arose from the fiber bundles on the CCA, were consistently found along the PR, the BA and VA were supplied with only a few nerves stained weakly for AChE, or sometimes had no nerves with this enzyme activity (Fig.   12 ).
Discussion
In our previous study, we noted that the ICA and major cerebral arteries of the quail were richly supplied with abundant NA nerves, but had a markedly poor or no supply of AChE nerves (ANDO, et al., 1996) . In the present study on the duck, we have shown the rich innervation of the corresponding arteries by NA and AChE nerves with about equal density. Thus, clear species difference was observed with regard to the density of AChE nerves innervating the ICA and cerebral arterial system of these two birds. Each pattern of NA and AChE innervations found in the ICA of the two avian species is unusual when compared with the innervation pattern for mammals that is characterized by a very poor supply of both nerve types (WASANO, 1979) . On the other hand, the supply of NA and AChE nerves to the duck major cerebral arteries is distinctly much high in the ICS than in the VBS, showing a tendency similar to the cerebrovascular innervation in mammals (WASANO, 1979) .
Cerebral perivascular NA nerves in the duck enter the cranial cavity along the ICA, IEA, and possibly VA. The majority of them originates in the SICN that emanates from the SCG, and comes from the ICA. This finding is in good agreement Innervation in Duck 225
with the major source and pathway of cerebrovascular NA innervation reported for mammals (ANDO et al., 1991) and quail (ANDO et al., 1996) .
In rat, there is conclusive evidence that the principal origin for cerebrovascular AChE nerves is the sphenopalatine ganglion (HARA and WEIR, 1986; SUZUKI et al., 1988; EDVINSSON et al, 1989) . The axons from here pass through the CEA as fiber bundles, and distribute widely over the major arteries more rostral than the middle BA. In addition, a few axons from another two facial or glossopharyngeal parasympathetic ganglia, the internal carotid mini-ganglion (ICMG) and the otic ganglion, project to the caudal half of the ICS via the CCA. In the duck, nearly all of the cerebral perivascular AChE nerves come also from the CEA and CCA as fiber bundles. However, AChE neuronal projections from these two vascular routes are in contrast to that of the rat:
nerves via the CCA extend to both the ICS and VBS, and provide abundant axons to all the major arteries of the ICS, whereas nerves via the CEA are distinctly less numerous than those via the CCA, and do not reach as far as the middle AR caudally. Since
AChE fiber bundles on the CCA arise directly from the stem nerves bundle accompanying the SICN, it is highly probable that cerebral perivascular AChE nerves in the duck have their major source at the nerve cells that are contained in this stem nerve bundle.
These extracranial AChE neurons do not express FA fluorescence specific for catecholamine, and are hence considered to be parasympathetic in nature, probably homologous to the ICMG in mammals (VASQUEZ and PURVES, 1979; GIBBINS et al, 1984; HARDEBO et al., 1991) . The present study has further shown the localization of a few 
